Summary: [99mTcl-d,I-HM-PAO (HM-PAO) was injected rapidly into the internal carotid artery and its retention in the brain was recorded by external scintillation cameras in eight human subjects, A model is described based on three compartments: the lipophilic tracer in the blood pool of the brain, the lipophilic tracer inside the brain, and the hydrophilic form retained in the brain, The reten tion curve initially drops abruptly, corresponding to the nonextracted fraction of the injectate leaving the brain; it then falls exponentially towards the asymptotic level of the fractional steady-state retention R. Cerebral blood flow (F) was measured using the xenon-133 intracarotid injection method. The first-pass extraction E of HM-PAO was calculated from F using an empiric regression equa tion. The residue curves for the whole brain after intra carotid HM-PAO injection were analyzed to yield a re tention fraction (R') and the brain clearance backtlux con stant of lipophilic HM-PAO (k). From the kinetic model Technetium-99m forms a lipophilic complex with d,l-hexamethylpropyleneamine oxime (HM-PAO). This molecule was synthesized by Neirinckx and co-workers (N eirinckx et aI., 1987; N owotnik et aI., 1985) with the purpose of finding a tracer suitable for imaging cerebral blood flow (CBF) by single photon emission computerized tomography (SPECT). The molecule was selected from a long series of related molecules because of its prolonged retention in the brain in a pattern suggesting a flow dependent distribution.
Technetium-99m forms a lipophilic complex with d,l-hexamethylpropyleneamine oxime (HM-PAO). This molecule was synthesized by Neirinckx and co-workers (N eirinckx et aI., 1987; N owotnik et aI., 1985) with the purpose of finding a tracer suitable for imaging cerebral blood flow (CBF) by single photon emission computerized tomography (SPECT). The molecule was selected from a long series of related molecules because of its prolonged retention in the brain in a pattern suggesting a flow dependent distribution.
In the present paper, a kinetic analysis of the up take and retention of [99mTc]-d,I-HM-PAO in the human brain is presented. It is based on the brain's response to a unit impulse input implemented as a bolus injection of [99mTc]-d,I-HM-PAO into the in ternal carotid artery in humans. It is shown that a simple analysis based on the concept of a "chemical microsphere" is inadequate to describe the kinetics of [99mTc]-d,I-HM-PAO since backdiffusion and washout of the tracer from the brain occur in a sig nificant amount. Thus, the brain retention of radio activity, thought to be due to the conversion of the lipophilic [99mTc]-d,I-HM-PAO to a hydrophilic form, is not instantaneous (Andersen et aI., 1988a) . The kinetic model that we develop accounts for this conversion and yields a numerical value for the rate constant of the conversion process k3• This allows us to derive an algorithm that corrects the tomo graphic image for the backdiffusion of radiotracer from brain tissue to blood.
MATERIAL AND METHODS

Patients
Eight patients were studied (age range of 24-65 years). They all had various neurological symptoms requiring di agnostic carotid arteriography. This was performed by direct puncture of the internal carotid artery followed by selective catheterization of the internal carotid using the Seldinger technique (Seldinger, 1953) . In case three, the procedure elicited a classic migraine attack, but all cal culations were performed in the frontoparietal region out side the occipital low flow region observed during these attacks. All patients had normal CT scans and arterio grams. The final diagnosis was classic migraine in seven cases while the last case could not be definitely classified. Informed consent was obtained from all of the patients in accordance with Helsinki declaration II. (Neirinckx et aI., 1987) . Radiochemical pu rity (RCP) is defined as the percentage of total radioac tivity being in the lipophilic form of [99mTc]-d,I-HM-PAO in a given sample. RCP of the tracer was tested by rapid thin layer chromatography as described elsewhere (Neir inckx et aI., 1987) . The RCPs found in the present studies are listed in Table 1 .
Bolus injection
The tracer study was carried out prior to angiography. One milliliter of the tracer mixture was injected rapidly using manual force with an estimated injection time of about 1 s. This results in a mixing with blood in the carotid artery, which has a flow of 4-5 mIls. The rapid in jection insures a compact arrival of the tracer in the brain vessels. The radioactivity retained in the brain as a func tion of time was followed for 10 to 15 min and in two patients the retention after 24 h was also recorded.
The recording systems
Two different recording systems were used. In five cases, a Tomomatic 64 tomograph (Stokely et aI., 1980; Celsis et aI., 1981) was used as a single channel detector by adding counts from all projections in each 1 s period. The instrument consists of four detector arrays rapidly rotating close to the patient's head. One rotation takes 10 s. We reconstructed the SPECT images corresponding to the orbitomeatal plane + 5 cm in the two patients studied after 24 h.
In the remaining three cases, a multidetector instru ment with 254 separate channels (Sveinsdottir et aI., 1977) was used as the angiography was performed at a hospital where this instrument was available. We ran domly selected six neighboring detector channels placed over the frontal lobe and added the counts in each 1 s period.
Assessment of cerebral blood flow (CBF) using xenon-133 and calculation of first-pass extraction
In all patients, CBP was measured 8 to 10 min before the [99mTc]-d,I-HM-PAO study, during the same setting and with the same position of the head in the recording system. One milliliter of saline containing approximately 74 MBq of xenon-133 was injected rapidly into the inter nal carotid artery. CBP was quantitated using the initial slope approach of the washout curves of xenon-133 after appropriate background correction (Olesen et aI., 1971) . Paco § was measured before and after the xenon-133 and the [ 9mTc]-d,I-HM-PAO studies and taken to indicate the stability of CBP during the study. The level of CBP was assumed to be constant if the variation of Paco2 was less than ±4-5%.
The extraction E of the lipophilic [99mTc]-d,I-HM-PAO was calculated from the measured flow values using the empiric equation (E = -0.29F + 0.90) that was derived . k = calculated from the half-time of the exponential washout as described in the calculation section; given as the fitted estimate ± standard error of estimate. E = the calculated unidirectional first-pass extraction (Andersen et aI., 1988b) . R' = the retention of extracted tracer; see Fig. 2 .
J Cereb Blood Flow Metab, Vol. 8, Suppl. I, 1988 in studies in humans by Andersen et al. (l988b) . The equation is based on studies using the double-indicator dilution technique for determination of E and the same xenon-133 blood flow technique as in the present study.
THEORY
The model
In the model, we consider one unit of lipophilic tracer arriving to one unit of brain tissue . The hy drophilic part of the tracer in the blood is not in cluded in the model for subsequent analysis. The first compartment in the model is the lipophilic tracer in the blood pool of the brain; it is not a well-mixed compartment (Fig. 1) . The second com partment is the lipophilic tracer inside the brain; it is a well-mixed compartment. The third compart ment is the hydrophilic form retained in the brain; with regard to this compartment, no assumption as to mixing is made. In this model, the exchange be tween compartments 1 and 2 is due to simple diffu sion. During the very short time «2 s) the bolus traverses the capillary, a fraction E of the injected tracer in compartment 1 is extracted into compart ment 2. Since this time interval is very short com pared to the rest of the retention curve, we have defined time zero as the peak of the brain retention curve (Fig. 2) . The impulse labeling of the brain by one unit of tracer per unit brain tissue is thus equiv alent to the injection of the fraction E directly into compartment 2 at time zero. Using this nomencla ture, Az{O) is equivalent to E. In compartment 1, the nonextracted tracer fraction is assumed to travel without dispersion. After the capillary uptake, the fraction 1 -E remains in the vascular compartment of the one unit of brain tissue considered. Hence, the amount of tracer per unit of brain tissue in com partment 1, i.e., the throughput component of tracer remaining inside the vessels (AI)' is
The amount of lipophilic tracer in compartment 2, A2, decreases at the fractional rate k, where k is the sum of the rates of disappearance into compart ments 1 and 3 (K = k 2 + k3), where k2 describes the rate of the backdiffusion from compartment 2 to compartment 1 and k3 is the conversion rate con stant (lipophilic to hydrophilic tracer). With these definitions, the differential equations dA2/dt = -(k2 + k3)A2 and dA3/dt = k3A2 can be written. Integration and for A2(0) = E yields
Rearranging Eq. (2) yields
where A3 is the amount of
Summing the activity amounts in all three com partments and rearranging gives the actual tissue amounts as a function of time for a unit of tracer per unit brain tissue, A(t):
where the backflux component denotes the total amount of lipophilic tracer that will diffuse back to the blood between time t and time infinite and the retention component (R) denotes the fraction of li pophilic tracer entering the brain vessels that is re tained in the brain parenchyma.
The experimentally observed brain residue curve does not show a brief plateau lasting 2 to 3 s. . . Pv'/(Pv' + a') = R'. where Pv' and a' are nor malized values and where R' is the retention fraction of extracted 99mTc-d,l-HM-PAO. The rate constant k was determined from the slope of the initial portion of the curve.
Rather, the A(O) appears as a less well-defined max imum lasting about 10 s, corresponding to the dis persion of arrival and washout times (Fig. 2 ). There fore, we employed a retrograde extrapolation to define a new operational "zero time" for compart ments 2 and 3, and to define the actual counts that were extracted by the brain at t = 0 by the term "a" as described below. This effectively eliminated the "throughput" component of the brain residue curve. Using the truncated brain residue curve de fined by the new zero time, the retained fraction of tracer that actually crossed the capillaries and en tered the brain (R') is given by (5)
CASE 3 q 4 MIN
The retention component in Eq. (4) (R) relates to R' by R = ER'. The rate constant for the clearance of lipophilic HM-PAO from the brain (k) is given by (6) R' and k can be determined experimentally as described in the next section and in the legend to Fig. 2 .
Residue curve analysis and calculations
First, the asymptotic plateau value (denoted by Pv) was estimated by least squares regression anal ysis of the tail of the brain residue curve (Fig. 3) . Pv was then subtracted from the residue curve (Fig. 2) . The intercept at the peak time (t = 0) of the regres- The hypothetical curve at the top of the figure is shown for the condition of 10% hydrophilic con taminants and complete extraction and com plete retention of all lipophilic molecules. The measured residue curve does not correspond to either of the hypothetical curves.
sion line was determined and is denoted by (a) . Us ing the values of (a) and (Pv), the total activity in compartments 2 and 3 is given by (Pv + a) . The retained fraction of the extracted [99mTc]_ d,l-HM-PAO, i.e., R', was calculated as the ratio between the normalized plateau and intercept val ues: Pv'/(Pv' + a') = R' (see the legend to Fig. 2) ; The standard error estimate of R' was calculated from the standard error of the independent mea surements of Pv' and a' (Kendall and Stuart, 1958) . The actual decrease in (Pv' + a') over time has at least two components (Fig. 2) and we have ne glected the second component in our analysis *. The clearance constant of lipophilic HM-PAO from brain (k) was obtained from the slope of the initial portion of the washout curve (Fig. 2) and is equiv alent to the k defined by Eq. (6). U sing the measured or estimated parameters F, R', and k and the relationships defined by Kety (1951) , the following kinetic parameters could be calculated for every study: Based on the above model, an algorithm was de veloped to correct for backdiffusion when calculat ing CBF from [99mTc]-d,I-HM-PAO images follow ing i. v. injection. The theory and the equations for the algorithm are presented here and its three basic assumptions are discussed in greater detail in the discussion. The correction algorithm assumes that the extraction of HM-PAO is the same for all brain * The second component of the washout phase of the brain residue curve was small (=20%) and highly variable due to the influence of small errors in the estimate of Pv on this portion of the curve. In contrast, the first component of the washout curve is much less sensitive to small variations in Pv.
regions. The value of E is not taken to be constant, since indeed the value is known to vary markedly with the blood flow (Andersen et aI., 1988b) . The count rate in the region of interest (Ci) is divided by the count rate in a reference region (Cr); this nor malization yields the following expression from Eq. (7):
The second basic assumption is that the conver sion rate constant k3 is the same in all regions. Then R/Rr becomes equal to (k2.r + k3)/(k2.i + k3)' Di viding both numerator and denominator by k2,r and noting that k2 i = E . F/}.. i and k2 r = E . F !}.. n then, The correction procedure does not influence the spatial resolution of the tomographic image but it enhances the contrast between high and low flow regions. The purpose of this correction is to obtain a more direct proportionality between the "corrected" count rate (or image intensity) and blood flow.
RESULTS
The arrival of radioactivity in the brain occurred as a peak 3 to 5 s after the internal carotid artery injection of [99mTc]-d,I-HM-PAO (Fig. 2) . This was followed by a fairly sharp decrease over the next 10 to 12 s. A slower decrease over the following 2 to 4 min to a plateau value of 40--50% of the peak value is observed (49% in case three, see the closed cir cles in Fig. 3) .
The retained fraction of tracer R' that actually crossed the capillaries and entered the brain was 0.54 ± 0.05 (mean ± SD), with a range from 0.47 to 0.63 ( Table 1) . The rate constant k was 1.51 ± 0. 19 min -\ , with a range from 1.22 to 1.73 min -\ . The values of k and R' are determined directly from the washout phase of the time-activity curve (Fig. 2) ; the values of R, (Y, k2' and k3 are derived from the values of k and R' [Eq. (7)]. For an Ct = 1.5 (the value estimated for cerebellum as the reference region), a 1% flow increase gives a 0.6% in crease in counts for 99mTc-d,l-HM-PAO at 0.5 mllg/min and requires a correction factor of 1.010.6 = 1.67.
The apparent extraction E of HM-PAO was cal culated from the CBF measurements, which ranged from 0.44 to 1.23 ml/g/min [Andersen et al. (l988b) ]. E ranged from 0.54 to 0.79 with a mean of 0.7 1 in these patients. We calculated the steady-state re tention R of tracer delivered to the brain; an aver age value of 0.38 ± 0.05 was obtained. R decreased linearly with increasing CBF (r = -0.82, p = 0.012, R = -0. 18F + 0.50); this relationship was obtained from the data in Table 1 and Eq. (6).
As seen from Table 2 , the rate constant k3 for the conversion of lipophilic [99ffiTc]-d,I-HM-PAO in the brain (presumably to hydrophilic forms) averaged 0.80 ± 0. 12 min -1 (mean ± SD). The fixation/ clearance ratio IX could be calculated by Eqs. (7c) and (7d); an average value of 1. 18 ± 0.25 was ob- tained. Similarly, the brainlblood partition coeffi cient A was calculated from the data using Eq. (7g); an average value of 0.67 ± 0.23 ml/g was obtained (Table 2 ). In the two patients studied 24 h after injection, the decay corrected count rate declined to 89 and 91 % of the steady-state value measured at 10 min, corresponding to a loss of less than 0.5% per hour after steady state has been reached. No uptake of HM-PAO was observed in the hemisphere con tralateral to the site of intracarotid injection when studied from 10 s to 24 h.
DISCUSSION
The model
If lipophilic e9ffiTc]-d,I-HM-PAO had been com pletely extracted and completely retained by the brain (broken curve on top in Fig. 3) , then a plateau at about 83% of the peak activity should have been observed since the injectate contained about 17% nonlipophilic contaminants. In an attempt to ex plain the observed retention curve's deviation from this ideal behavior, a compartmental model was de veloped and used to describe the kinetics following bolus intracarotid artery injection. The mathemati cal model resembles the one used in the deoxyglu cose method for measuring regional CMR(glucose) (Sokoloff et aI., 1977) since the model assumes per manent sequestration or fixation of [99ffiTc]_ d,l-HM-PAO in brain over the study period.
The overall retained fraction of injected radioac tivity entering the brain circulation R was 0.38 ± 0.05 in the present study and agreed very closely with the value of 0.37 ± 0.07 obtained by the arte riovenous sampling technique following intrave nous tracer injection reported by Andersen et al. (1988c) . It should be noted that after the first 6 to 10 min, when a plateau has been established, the over all loss of tracer from the brain is very slow-approximately 0.4% per hour (Andersen et aI., 1988c) .
The main uncertainty in the arteriovenous differ ence estimate of R is the determination of the con centration of lipophilic tracer in the blood using the rapid octanol extraction procedure. In the present study, a bolus injection of [99mTc]-d,l-HM-PAO tracer into the internal carotid artery was performed and errors in the extrapolation procedure to deter mine R I and errors in determining E dominate. The two approaches thus have different sources of er rors and consequently the good agreement would appear to be a real one, and not the result of the same experimental biases.
The extraction E of the lipophilic [99ffiTc]_ d,l-HM-PAO was calculated from the measured flow values using the empiric equation of Andersen et al. (1988b) : E = -0.29F + 0.90. This equation is based on studies in humans using the double indicator dilution technique for determination of E and the same xenon-l 33 flow technique as in the present study. One might have expected that E could have been calculated using the retrograde ex trapolation procedure described by Sejrsen (1970) and Eichling et al. (1974) . In the actual experiments, the injected bolus does not arrive as an ideal im pulse of infinitely short duration. Moreover, due to differences in intravascular transit times in the brain, the assumption of a compact or plug-like tra versal through the field of view of the detector may not be correct (Fieschi et aI., 1963) . Furthermore, and maybe even more important, part of the tracer in the blood is hydrophilic and thus not extractable but still contributes to the peak height of the residue curve. For all of these reasons, it becomes difficult to determine the correct maximal counting rate of lipophilic tracer. Thus, the conventional retrograde extrapolation method was not considered to be suf ficiently reliable for calculating the fractional ex traction of lipophilic [99mTc]-d,l-HM-PAO. The brain-blood partition coefficient A. averaged 0.67 g/ml, with a considerable scatter expressed by a standard deviation of 0.23. This is not unex pected, since A. is a calculated ratio involving four separate terms [see Eq. (7g)]. The high solubility of [99ffiTc]-d,l-HM-PAO in blood relative to saline (Andersen et al., 1988a) render likely that A. is below 1.0 for brain cortex. Higher values may be expected for white matter due to the high content of lipids in these regions. This is suggested by the studies of Matsuda et al. (1988) . In this context, it should be noted that the bolus injection experiments analyzed here are weighted towards the gray matter of the brain since it receives about 80% of the bolus (Ing var et al., 1965) .
Application of the kinetic analysis to measurements of regional cerebral blood flow after i. v .
tracer injection
General considerations
A purpose of the present study was to contribute to the quantification of regional CBF using SPECT and i.v.
[99mTc]-d,I-HM-PAO injection. In the steady state, after about 10 min following the i. v. administration of tracer, when the arterial concen tration of lipophilic tracer has reached very low val ues (Andersen et aI., 1988a) and the brain counting rate is virtually stable, the counting rate in a given region Cj is the product of the cumulative input FJ�Ca(t)dt and the fractional retention Rj, where the subscript i refers to a local region of the brain. Thus, with A denoting the arterial concentration time integral, the area under the arterial curve, one obtains (11) i.e., Cj equals the flow· area' retention product. Therefore, as in the case when calculating the flow of whole brain (Andersen et aI., 1988c) , one must measure not only Cj and A, but also Rj, in order to calculate the regional flow Fj in absolute units of mllg/min. Matsuda et al. (1988) proposed to determine the local retention Fj using serial SPECT imaging as well as sampling of arterial blood. They assumed that Ej has the same value of 0.85 for all regions and the rate constants k2,j and k3,j could be determined for fairly large regions. As a simplification, the ar terial curve for lipophilic tracer was not actually determined in the study, but a simple monoexpo nential decrease in radiochemical purity was as sumed to account for the rapid conversion of [99mTc]-d,l-HM-PAO from the lipophilic to a hydro philic compound in the blood. Their procedure in volves a deconvolution step but is otherwise closely related to the one we applied to the bolus injection studies. We propose to use a technically simpler approach than that of Matsuda et al. (1988) . This approach has been described in the third part of the theory section. Using Eq. (10), the blood flow in a region i can be expressed relative to the blood flow in a reference region r if the conversion/clearance ratio lXr of the reference region is known. As a ref erence region, one may use a hemisphere or a par ticular region such as the cerebellum. In some sit uations (e.g., in senile dementia), the average hemi sphere blood flow may be below the normal value and for this reason we propose to use the cerebellar hemisphere instead. It is our experience using the xenon-133 method that cerebellar blood flow is less S20 N . A . LASSEN ET AL .
reduced than that of the cerebral hemispheres in global dysfunction such as dementia. In the case of side-to-side asymmetry, we take the cerebellar hemisphere with the highest flow.
Cerebellar blood flow in normal humans is about 0.50 mllglmin (Shirahata et aI., 1985) . Using the lin ear regression equation of Andersen et aI. (l988b) , the unidirectional extraction of lipophilic [ 99 ffiTc]-d,I-HM-PAO is calculated to be 0.76 for this flow. The estimated influx clearance K),r ( = E . F) for normal cerebellum is thus 0.38 mIl g/min and the efflux rate constant k2,r = (K clAr) is 0.54 min -) assuming that the value of A for whole brain ( = 0.7 mllg, Table 2 ) is also valid for cerebel lum. Thus, (Xr = k3 Jk2 r for the cerebellum can be estimated to be 1.5 �ssu�ing k3 is 0.80 min -) for the cerebellum.
Hence, Eq. (10) can be written
For Eq. (12), (F/Fr) denotes regional CBF as a fraction (%) of the mean value for the cerebellum. Considering the equations from which Eq. (11) was derived, it becomes evident that the normalizing step [Eq. (8) 
Assumptions in the algorithm to correct for the backdiffusion
The need for an algorithm to correct blood flow images is not unique for the present tracer. The xenon-133 blood flow method and the oxygen-15 carbon dioxide inhalation technique also uses a backdiffusion correcting procedure (Stokely et aI., 1980; Celcis et aI., 198 1; Herscovitch et aI., 1984) . In the present approach as well as the one presented by Matsuda et aI. (1988) , the unidirectional extrac tion across the blood-brain barrier was assumed to be the same for all regions. This is equivalent to the assumption of a constant ratio of the permeability surface area product (PS) and cerebral blood flow F in all brain regions for a given subject. In normal brain, the capillary density of a given area (and probably the surface area) is proportional to its rest ing blood flow (Lierse and Horstmann, 1965) . How ever, this relationship is not likely to hold for all normal and pathological states (e.g., focal physio logical CBF increases during specific forms of brain activation and focal ischemia or hyperemia in vari ous diseases) in which the velocity of flow through the capillaries changes. In the analysis we propose, E and F are not measured separately, but are related
by the empirical relationship shown by Andersen et aI. (1988b) .
The rate constant of the conversion process lead ing to brain retention k3 was found to average 0.80 ± 0.12 min -) (mean ± SD). The individual rate constants determined in the eight subjects ranged between 0.61 and 1.28. However, in view of the experimental errors, this variation may be due to random errors and not to interindividual differ ences. In gray matter, the conversion constant k3 obtained by Matsuda et aI. (1988) was 0.92 ± 0. 10 min -) (mean ± SD), i.e., almost the same as the value reported in the present study. The assumption of a constant and uniform rate constant k3 for the conversion of lipophilic [ 99 ffiTc]-d,I-HM-PAO to a hydrophilic (trapped) form in all brain areas and all disease states is perhaps the most critical assump tion of the model proposed. If a given region in a given disease state has a lower k3 than the rest of the brain, then radiolabeled tracer would wash out of the diseased region to a greater extent than normal brain and the steady-state tomograms would be in terpreted to suggest a relatively low blood flow in the diseased region. Thus, the most critical aspect of the [ 99 ffiTc]-d,I-HM-PAO technique as a means of studying regional CBF distribution would seem to be the constancy of k3 from region to region. Just as critical is the constancy from subject to subject of (Xr = k3Ik2,r' We assume, in essence, that k2,r = (E . F JAr) and k3 does not vary much between brain regions and between individuals.
Is k3 (Lear, 1988) . Despite the empirical validation in the four stud ies in humans and the animal study mentioned above, it is clear that the model developed repre sents an approximation. It assumes that each region studied, i.e., each volume element on the tomo graphic image, is homogeneous. This is incorrect due to the limited spatial resolution of the current SPECT cameras. Consider the case that a given re gion of interest contains a mixture of two tissues, 1 and 2 (as gray and white matter), with flows!l and f2 and fractional weights WI and W2• Then, accord ing to Eq. (4), the clearance from the brain becomes biexponentiaI. It was also assumed that the tracer is present only in one lipophilic form. However, if the d and I isomeric forms have different conversion rates in the brain, as they have in blood (Andersen et aI., 1988a) , then the bolus response will also be come biexponentiaI. Both of these factors may con tribute to the very slow backdiffusion component observed in the cerebral residue curves after the throughput and fast early backdiffusion has taken place (Fig. 2) . The effect of scattered radiation, in particular of Compton scatter, in the brain and of absorption of the primary radiation are also factors that limit SPECT from giving a truly quantitative image of the [99mTc]-d,I-HM-PAO distribution III the brain at any given level of resolution.
CONCLUDING REMARKS
In our opinion, all of the above considerations indicate that a more sophisticated correction algo rithm is not justified. Our algorithm has the effect of a modest enhancement in contrast that emphasizes high flow regions. However, it clearly does not add new information to the images. The value of the correction algorithm and of the kinetic analysis as a whole is of another sort: It constitutes a theoretical and operational basis for the 99mTc-d,I-HM-PAO method to measure regional cerebral blood flow, as validated by the comparisons already discussed.
